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ABSTRACT
The egg capsules of xx species of Conus and the larval development of four
species are described for the first time from material collected in the Indian Ocean, mainly
on coral reefs by the Yale Seychelles Expedition. Further information is added to our
knowledge of seven species which have been reported on previously.
The eggs are deposited in clusters of several to many compressed, flask-shaped capsules
typically affixed to the undersides of rocks. Females of most species deposit from 30,000
to 1,500,000 eggs (each measuring 140-230 µ in diameter) in an egg mass. The young of
these species hatch as free-swimming veligers. In egg masses retained in vessels of sea water,
hatching occurred about two weeks after oviposition. A few species produce smaller numbers
( < 10,000) of larger (360-490 µ) eggs, which hatch as veliconchas ready to assume the benthic
1
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mode of life. These relationships of size of eggs, number of eggs, and stage at hatching are
in general agreement with those reported by Thorson for a wide range of prosobranchiate
gastropods and other marine invertebrates. During the Expedition it was possible to follow
the course of embryonic development from oviposition to hatching in two species, C. textile
and C. leopardus. Egg masses of three other species, cultured from oviposition, failed to
complete development and did not hatch. Gregarious behavior during oviposition occurred
in several species; aggregations of up to r 5 individuals were observed.

INTRODUCTION
Between August 1957 and February 1958, participants in the Yale Sey
chelles Expedition made collections of the marine fauna of islands in the Indian
Ocean. In addition to Seychelles and dependencies, Ceylon and the Maldive
and Chagos archipelagoes were visited.
During the Expedition, the writer was engaged in ecological studies of the
gastropod genus Conus (Prosobranchia: Toxoglossa). This paper summarizes
information obtained on spawning and larval development in this genus and
deals mainly with the characteristics of egg capsules, eggs, larvae, and, in some
species, the course of larval development. In all, 4 3 lots of egg masses, repre
senting I 8 species of Conus, were collected, mainly on coral reefs (Figs. I, 2).
Prior literature, recently summarized (Kohn, 1961), contains information on
egg capsules, spawning and development of 19 species of Conus; the present
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paper reports on r 2 additional species. Data from the Indian Ocean obtained
by other investigators are also cited. 2
Females of most species affix clusters of egg capsules to the undersides of
rocks. It is possible that oviposition was in progress in more instances than
2 Collections of egg capsules of other gastropods made by the Expedition are presently being studied
by Professor Gunnar Thorson, Marine Biological Laboratory of the University of Copenhagen, Elsinore.
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were actually observed, since mother animals were often sufficiently disturbed
to cease ovipositing and retract within the shell when the rock was overturned.
To study the course of development, clusters of egg capsules were held in
finger bowls containing sea water which was changed daily. Some of these egg
masses showed what appeared to be quite normal development, but differences
from development in the natural environment are possible.

\'··::\/

exit window
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,._,----width

----•I
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Figure 3. Generalized egg capsule of Ganus, illustrating terms used in presentation of dimensions.

Except where stated otherwise, all material was collected by the author,
and the numbers used to identify specimens are those of the author. The depth
at which material was collected is given to the nearest one-third meter, and
in general the reference is close to the tide datum of U.S. Coast and Geodetic
Survey Tide Tables.
All measurements were made on preserved material. Measurements of egg
capsules are given to the nearest 0.5 mm, and the dimensions used are illustrated
in Fig. 3. Measurements of adult animals are shell length and maximum width.
The number of eggs in a capsule was determined by direct count and by estima
tion from counts in a Sedgwick-Rafter cell. Counts were usually made from
several egg capsules in a cluster. The number of eggs in an egg mass were
calculated by multiplying the average number of eggs per capsule by the
number of capsules in the cluster.
The egg capsules and embryological material, which were fixed and pre
served in 5 or 10 ° /o sea water formalin buffered with hexamine (hexamethylene
tetramine), are at present in the University Zoological Museum, Copenhagen.
An account of the systematics and ecology of Conus in the Indian Ocean
is in preparation.
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COLLECTIONS AND OBSERVATIONS
Ganus arenatus Hwass in Bruguiere (?)
I. Station and Date. St. 43; seaward reef, West North Island, Cosmoledo
Atoll; 12 XII 1957.
Specimen. Adult �, No. 5202, 47 x 27 mm; completely buried in sand
beneath coral rock in 0.7 m of water. Two clusters of egg capsules
were affixed to the underside of the rock, but only one cluster was
retained.
2. Station and Date. St. 44; west side of Assumption Island; I 3 XII
1 957•
Specimen. �, No. 5235, 19 x I I mm; completely buried in sand beneath
a coral rock in 0.7 m of water near shore. Two clusters of egg capsules,
apparently deposited by different individuals, were affixed to the under
side of the rock.
Remarks. Because of the circumstances of collection, these records cannot
be referred with certainty to G. arenatus. However, at these stations other
species of Ganus did not occur in the inshore microhabitat in sand under coral
rocks, where G. arenatus is found.
In the egg capsules here attributed to C. arenatus, unlike those of most
species of Ganus, the maximum breadth typically exceeds the height (Table I).
Otherwise the general appearance of the capsules, "like a flattened pouch or
flask" (Knudsen, 1950; Fig. 3), is typical of the genus. The lateral edges are
markedly convex, the upper and lower edges straight, the upper and lateral
edges scalloped, and the surface irregularly ridged. There is a narrow basal
plate and virtually no stalk. Some of the capsules from St. 44 were affixed to
the substratum in short rows, and a few were attached to previously deposited
capsules.
None of the egg masses could be retained alive for study of development.
The stage and size of the embryos when fixed are given in Table I.
Ganus aulicus Linnaeus
Station and Date. St. 35; reefs about Cerf Island, near Mahe, Seychelles;
14 XI 1955.
Specimen. Large adult �; length 128 mm; on sand at base of a coral head
(Coll. by R. C.Wood). A cluster of egg capsules was attached to the
underside of the coral head, but it was not collected. Data from un
published notes of R. C. Wood.

5235At

5235Btt

44

44
9-lOx10-11

10-1lx13-13.5

llx13-14

Hgt. X
Max.Brdth.
of Capsules
(mm)

6.5-7.5

6-9

7.5-8

Lgth. of
Exit Window
(mm)

5,300
4,200
3,400

1,000

No. of
Eggs/
Capsule

64,500

7,000

No. of
Eggs/
Egg Mass

4092

5618

4996

5254

17

35B

35C

36

C. coronatus

C

7t

1"

14

75

8.5-1lx10-10.5

6x6

7-lOx8.5-10

4.5-4.8x4.2-4.8

5-6.5

3.5

5-6

3

-

2,500
2,400
3,000

1,800

700

C

165-175

180

200x150-160 (oval)
25,200

-

165

(µ)

Diam. of
Uncleaved
Egg

52,500

Stages of development: "Late trochophore (200-275 µ); t Veligers (200-215 µ); tt Early trochophore (150 µ).

15

7

13

5202*

Spec. No.

43

C. arenatus

Station

No. of
Capsules/
Cluster

TABLE I. CHARACTERISTICS OF EGG MASSES OF SPECIES OF Conus COLLECTED IN THE INDIAN OCEAN.
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Conus coronatus Gmelin
I.

2.

3.

4.

5.

6.

Station and Date. St. I 7; Funidu Island, North Male Atoll, Maldive
Islands; 19 IX 1957.
Specimen. Adult�, No. 4092, 14.5x8.5 mm; on fl.at limestone pavement
under a coral rock in I m of water. An extremely large cluster of egg
capsules, of which only a small number were collected and preserved,
were affixed to the underside of the rock.
Station and Date. St. 35 B; reef on northwest side of Moyenne Island,
near Mahe, Seychelles; 20 I 1958.
Specimen. Adult �, No. 5618, 29 x18 mm; completely buried in sand
under a coral rock; a cluster of egg capsules was affixed to the underside
of the rock.
Station and Date. St. 35 C; reef on north side of Round Island, near Mahe,
Seychelles; 26 XI 1957.
Specimen. Adult �, No. 4996, 2Ix13 mm; on the underside of a coral
rock. No egg capsules were affixed to the rock, but one was deposited
in the writer's hand when the specimen was collected. Presumably ovi
position was about to begin. Two other adult C. coronatus were found
partly buried in the sand under the same rock.
Station and Date. St. 36; reef fringing northern part of Anse a la Mouche,
Mahe, Seychelles; 22 XII 1957.
Specimen. Adult �, No. 5254, 33x 20 mm; collected with egg capsules,
but it is uncertain whether all of the capsules present were collected.
Coll. by J. H. Hayward.
Station and Date. St. 43; seaward reef, West North Island, Cosmoledo
Atoll; 12 XII 1957.
Specimens. Four adults: ,5', No. 5218, 18x I l mm; �, No. 5219, 18x
IO mm; �, No. 5220, 21 xI 2 mm; �, No. 5221, 19 xI 1.5 mm; all
under one rock. A large cluster of egg capsules (coll. by W. D. Hart
man) was affixed to the underside of the rock.
Station and Date. St. 5 I; reef on north side of Frigate Island, Seychelles;
II I 1958.
Specimens. Six adult��: No. 5662, 14x9 mm; No. 5663, 19 x12.5 mm;
No. 5664, 15x IO mm; No. 5665, 14xIO mm; No. 5666, 14.5x9 mm;
No. 5667, 15x10 mm; all collected from underside of a single coral
limestone rock. A large cluster of egg capsules on the underside of the
rock has been preserved attached to the substratum (Fig. 4).

Remarks. The egg capsules in the clusters listed above are rather vase
shaped and typically compressed (Fig. 5); the cluster from St. 36, however,
is peculiar in that one side of the capsule is higher and less convex than the
other. Habe (1944), who first described the egg capsules of C. cor:-onatus,
reported those from Japan to be more quadrangular. The stalk is typically
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very short, the basal plate small, and the capsule wall translucent, the eggs
within appearing whitish (or pink as noted by Habe). The surface of the wall
is quite smooth except for two parallel ridges extending downward from the
upper corners on one side.
Most capsules are affixed directly to the rock substratum or to algae growing
thereon. In the St. 43 material, some of the capsules were deposited in rows
of three or four while others were deposited singly. Most of the capsules
in the cluster from St. 5 I were in rows of 4 to Io, while a few were
deposited singly. Most capsules in the cluster from St. 35 B were affixed
in two rows.
Four adults were associated with one egg mass and six with another,
but it is not known how many participated in oviposition; nine of the
ten were females. Such gregarious behavior during oviposition has been
observed in several other species of Conus, and in other gastropods as well
(see p. 49).
Early cleavage stages were present in two of the egg masses (Figs. 6a-6c).
Most embryos of the St. 36 material were in the four-cell stage when collected
and measured 190x190µ, with cell diameter of 90µ. Two-cell stages from
the same cluster measured 190-215x140-150µ. Four-cell stages from St. 51
capsules measured I 50-165µ on each side, with cell diameter 90µ. Veliger
shells, apparently from capsules which had partially hatched, were found in
the St. I 7 material; their maximum dimension was 240-250µ.
Characteristics of the egg masses of C. coronatus are summarized in Table I.
Conus ebraeus Linnaeus
Station and Date. St. 41; reef on seaward (west) side of Menai Island,
Cosmoledo Atoll; l I XII 1957.
Specimen. Adult�, No. 5145, 29x19 mm; on smooth limestone, presum
ably under a coral rock, just inside breaker line near outer edge of reef.
Egg capsules were also collected, but it is uncertain whether all of the
capsules present were taken. Coll. by J. H. Hayward.
Remarks. The characteristics of the egg mass are given in Table I. The
egg capsules agree in detail with those described by Risbec (1932; see also
Table I), who first reported on spawning, egg capsules, and larval development
in C. ebraeus. Ostergaard (1950) reported that C. ebraeus egg capsules from
Hawaii were more rectangular in shape than these.
In the present sample, uncleaved eggs (180µ) and two-cell (2oox 140µ)
and four-cell (190x r 90µ) stages were present in the capsules, which could
not be retained alive for study of larval development. Both Risbec (1932) and
Ostergaard (1950) reported development from oviposition to hatching to take
about I I days. The size of the veliger shell at hatching is given as 266-323µ
by Risbec and as c. 280µ by Ostergaard.
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Conus figulinus Linnaeus
Station and Date. St. 7; Back Bay, Trincomalee, Ceylon; 19 VIII 1957.
Specimens. 20 adults; on sand bottom. One cluster of egg capsules was
collected. Coll. by W. D. Hartman.
2. Station and Date. St. 10; Sweat Bay, Trincomalee, Ceylon; 24 VIII 1957.
Specimen. Adult �, No. 4029, 57 x 35 mm; observed ovipositing on sand
bottom about I 5 m from shore.
I.

Remarks. The shape of most of the capsules (Figs. 7 b-7 d) in an egg mass
(Fig. 7 a) of C. figulinus is typical of the genus. The capsules are rather rectan
gular in outline, one lateral edge being typically convex. The capsule walls
are thin, white and translucent, and the eggs appear pink through the walls
of freshly deposited capsules. Narrow ridges characteristically anastomose to
form a network over the capsule's surface (Fig. 7).
Unlike most species of Conus, C.jigulinus does not anchor its egg capsules
to a large solid object, since such are not present in the sand bottom habitats
where it is found. The form of the egg mass is adapted to the specialized en
vironment. In the two egg masses collected, the first five (basal) capsules were
deposited below the surface of the sand and served as an anchor (Fig. 7 a).
All were devoid of eggs and did not possess an exit window. The remaining
(definitive) capsules, which contained the eggs, were thus maintained above
the substratum surface.
All of the capsules except the first were affixed to previously deposited
capsules. The first capsule was characterized by a very large, thin, basal plate,
and each of the 2nd to 5th capsules were affixed securely at or near the upper
most portion of the previous one by large basal plates. All subsequent (definitive)
capsules were attached in an irregular branching manner arising from the 5th
capsule. The characteristics of the basal capsules are summarized in Table II;
the last five columns in the entry under C.jigulinus in Table I refer to the
definitive capsules only.
TABLE

Capsule
No.

I I.

CHARACTERISTICS OF BASAL CAPSULES OF

,---- Cluster from St. 7 ---...,
Hgt. X
Basal Plate
Max. Brdth.
(mm)
(mm)

1 ............ .

1.............
3 .............

4.............

5.............

19x 7
18x 7
16x8
15x9
16x8

10x8

Conus figulinus.

,-- Cluster from St.10 �
Hgt.x
Basal Plate
Max. Brdth.
(mm)
(mm)
19x8
18x10
l 7x11
l 7x12
16x11

13x10
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The egg capsules from Madras, described and figured by Gravely ( r 942:
9 1, fig. I 7 h) and referred to the Toxoglossa, are almost certainly those of
C.jigulinus. Egg capsules of Conus sp. described by Natarajan (1957: 215216) from the Gulf of Mannar are probably referable to C.jigulinus. They
were also collected in August.
It was not possible to follow the course of development in C. jigulinus. As
noted in Table I, the cluster from St. 7 contained uncleaved eggs 190-210µ
in diameter. Eggs in the cluster from St. Io were undergoing the second cleav
age when fixed. The embryos measured 200µ on a side and contained cells
125µ in diameter. Natarajan (1957) reported that the veligers of the species
tentatively referred above to C. jigulinus measured 200-233 ,u across the shell
when hatched. Two days after hatching the shells measured 250µ.
Conus geographus Linnaeus
I. Station and Date. St. 35 A; lagoon, Long Island, near Mahe, Seychelles;
27 X 1 949·
Specimens. "Six together .... among egg masses. Ovipositing in labyrinth
center of large isolated corals." Data from unpublished notes of R.C.
Wood.
2. Station and Date. St. 35 A; lagoon, Long Island, near Mahe, Seychelles;
5 XI 1949.
Specimens. "Seven in coral heads, six of which [wereJ ovipositing together
inside labyrinth of large coral just as those ... on 27 X." Data from
unpublished notes of R.C.Wood.
3. Station and Date. St. 35 D; Round Island, near Mahe, Seychelles; 5 XI
1 949·
Specimens. "Seven, six of which [were] ovipositing together, just as those
mentioned above." Data from unpublished notes of R.C.Wood.
4. Station and Date. St. 35 B; reef on west side of Moyenne Island, near
Mahe, Seychelles; 29 X 1955.
Specimens. "Fifteen taken below hollowed round coral head on sandy
bottom.... Eggs also in numbers; sizes of adults from 80-111 mm."
Data from unpublished notes of R.C.Wood.
5. Station and Date. St.48; reef along north side of Southeast Island, near
Mahe, Seychelles; 5 I 1958.
Specimens. Two adults: 3, No.5331, 85 x42 mm; �, No. 5332, IOI x
48 mm; on sand under Porites head about 1.5m in diameter and 0.7m high.
A cluster of egg capsules was affixed to the underside of the coral head.
Remarks. One lateral edge of the egg capsule is convex, the other nearly
straight. The long exit window at the upper edge is straight or concave and
the capsule walls are thin and translucent with low, irregular ridges. On
one wall two short but prominent ridges originate at the upper corners and

4066

5331-5332

Spec. No.

35B

C. leopardus

5035

35D
5504
Diamond Head,
Hawaii (Kohn, 1961)
1983

C.imperialis

12

C.glans

48

C.geographus

Station

OF

OF

SPECIES

28-31 X 20-22

18-20x 12-13

6*

67*

l8-19x 11-12

7-7.5x 6-6.5

26-28x 18-21

Hgt. X
Max. Brdth.
of Capsules
(mm)

EGG MASSES

57*

33

54

No. of
Capsules/
Cluster

TABLE III. CHARACTERISTICS

17-18

-

4

2.5

13-14

>35,400

>744,000

12,800
10,000
10,400

>188,000
5,900

4,300
2,300

1,600

870,000

15,900
14,500
17,800
48
37
53
53

No. of
Eggs/
Egg Mass

No. of
Eggs/
Capsule

Conus COLLECTED IN THE INDIAN OCEAN.

Lgth. of
Exit Window
(mm)

OF

225

225

220

440

190

(µ)

Diam. of
Uncleaved
Egg

....

-

><:

<:

r-,

;:;:

a·

�
�
�
:;:,..
�.
,.,
�
�
,.,

;:;:

"'s::,

a
,.,

:;:,..
s::,
;§

�-

b::i

�
....:;:,..
"'

;:i•

�
....

b::i
;::

+

4981-4982

5310-5311

36

48
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32+2tt

15*

5

17

18*

21*?

12

9*?

5*

16
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6.5-7x7.2-8

6.2-7x6-6.5

7-8x6.5-7

30-32x18-20

34-36x21-22

33-34x23

34-35x18-20

6-6.5

3

3

3.5

3

2.5

16-17

13

13-14

16-17

-

3,100
3,300
3,100

-

-

1,900
2,200
3,300

12,550

16,000
15,200

12,300

7,900
9,800

-

>48,000

-

52,000

150,000

-

135

140

140

125-140

140x125

200

215-225

225

140,000

-t

142,000

·-�-

.w

._ _ ,

"'.,s =�;,:::· "·�":.���,-·:.::· 7z,,:·�-0-':_' ,·-

" Oviposition interrupted by collection. "? Oviposition possibly interrupted by collection. t Contained early trochophores, 240 x190 µ.
tt Deposited after collection.

4053

12

12

4034

5507

35D

C. lividus

5039-5042

35B

V\

>-<

�

�
�

I

�
�
i::

·�

�

i::

v:,

�

.�.

Joo<
L.....J

0--

....

16

Bulletin of the Bingham Oceanographic Collection

[XVII

extend downward and towards the center (Fig. 8). The capsules are deposited
in short rows which are close together, forming a dense but irregular cluster.
All are affixed directly to the substratum, but each is joined to the adjacent
capsules in the row by confluent basal plates. The characteristics of the egg
mass from St. 48 are summarized in Table III.
The egg mass from St. 48 was retained in a vessel of sea water. One capsule
was removed from the cluster and its contents were examined on the day after
collection. The embryos, which appeared pink in color through the capsule
wall, were well developed veligers (Fig. 9a); the shell was well formed, the
velum was lobed and eyes were present, but the tentacles could not yet be ob
served. The veligers were motile when released from the capsule into sea water.
Most of the capsules had partially hatched by afternoon of the next day. The
hatched larvae (Fig. 9 b, maximum shell dimension 240-26 5 µ) remained at
rest on the bottom of the container and did not swim, nor did they crawl
about on the substratum. On the following day, hatching was still incomplete,
and since the veligers remaining within the capsules, as well as those which
had hatched, were dead or moribund, the entire culture was fixed.
Conus glans Hwass in Bruguiere
Station and Date. St. I 2; fringing reef about 200 m east of lighthouse,
Foul Point, Ceylon; 30 VIII 1957.
Specimen. Adult �, No. 4066, 24x I I mm; near seaward edge of reef,
with mass of egg capsules.
Remarks. The capsules are rather rounded in outline, with both lateral
edges convex; the exit window is small (Figs. roa, IO b) and the capsule walls
thin and almost transparent. No data on attachment were recorded, but all
capsules are apparently affixed to the substratum without the basal plates being
confluent. The characteristics of the egg mass are summarized in Table III.
The capsules examined contained 32-50 advanced veligers or veliconchas
(Werner, 1939) and 1-4 uncleaved eggs. One capsule also contained two
abnormally formed embryos. The veliconchas, which must have been nearly
ready to hatch, measured 880 µ in shell length and 500 µ in maximum width;
the shells had about 11 /z whorls (Fig. roe).
Conus imperialis Linnaeus
Station and Date. St. 35 D; reef along south side of Moyenne Island, near
Mahe, Seychelles; 18 I 1958.
Specimen. Adult�, No. 5504; 74x38 mm; ovipositing in cavity of coral
rock in I m of water.
Remarks. The egg capsules are variable in outline, but both lateral edges
are usually convex, one more so than the other. The small exit window at the

Figure 4. Cluster of egg capsules of Ganus caran,1tus Gmelin, probably
deposited by more than one female, in situ on coral rock. St. 5 1,
Frigate Island, Seychelles, 1 1 I 1958.

2mm

Figure 5. Four views of an egg capsule of Ganus caranatus Gmelin. a and
b, side views; c, edge view; d, top view. The characteristic
vertical parallel ridges ( see text) are visible in a and d. Eggs
are visible through the capsule wall. St. 51, Frigate Island,
Seychelles, II I 1958.

I

0./ mm

Figure 6. Early cleavage stages and veliger shell of Ganus caranatus
Gmelin. a, uncleaved egg; b, 2-cell stage; c, 4-cell stage; d,
veliger shell. a, b, and c from St. 36, Mahe, Seychelles, 24 XII
1957; d from St. 17, North Male Atoll, Maldive Islands,
19 IX 1957.

b

d

C
I cm.

Figure 7.

Egg mass and capsules of Ganus figulinus Linnaeus. a, egg mass
showing modification of first five capsules for anchorage in
sand, the horizontal line indicating the surface of the substra
tum; b, c, and d, views of a single capsule. St. 10, Trincomalee,
Ceylon, 24 VIII 1957.

d

Figure 8. Egg capsules of Ganus geographus Linnaeus. a, part of a row
of capsules; b, c, and d, views of a single capsule. St. 48, Mahe,
Seychelles, 5 I r 9 5 8.

vi

I
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0./ mm

a
Figure 9. Veliger larvae of Ganus geographus Linnaeus. a, well developed
veliger removed from egg capsule; b, shell of hatched veliger;
( e, eye; op, operculum; s, shell; vi, velar lobe). St. 48, Mahe,
Seychelles, 5 I r 9 5 8.

a
5mm

5mm

Figure 13. Egg capsules of Ganus lividus Hwass in Bruguiere. a, part of a
row of capsules; b and c, side views of two different capsules
from the same egg mass. St. r 2, Foul Point, Ceylon, 30 VIII
1 95 7.

a

b

1

0.1 mm

Figure 14. Views of veliger shells of Ganus lividus Hwass in Bruguiere. St.
51, Frigate Island, Seychelles, 11 I 1958.

5mm
Figure 15. Views of an egg capsule of Ganus mareleti Crosse. St. 36, Mahe,
Seychelles, 25 I r 958.
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Figure 1 6. Developmental stages of Ganus mareleti Crosse. a, uncleaved
egg; b, 4-ccll stage; c, 8-cell stage; d, early trochophore-like
stage; e, late trochophore-like stage; f, veliger stage 7 days
after oviposition; g, veliger stage 9 days after oviposition. ( e,
eye; f, foot; vl, velar lobe). St. 36, Mahe, Seychelles, 2 5 I 3 II 1958. band c drawn by author.

b

C

5mm
Figure r 7. Views of an egg capsule of Contts rattus H wass in Bruguiere.
St. 8, Trincomalee, Ceylon, 21 VIII 1957.

2cm
Figure 18. Portion of an egg mass of Conus textile Linnaeus, showing attachment of
capsules to previously deposited capsules. St. 34A, Mahe, Seychelles, 4 I
1958.

b

0.5mm

Figure 19.

Developmental stages of Conus textile Linnaeus. a, uncleaved egg with
polar body; b, 5-day embryo; gastrula stage? ; c, trochophore-like stage;
d, early veliger stage; e, hatched veliger, with elongate foot seen be
tween the velar lobes; f and g, shells of hatched veligers. a, b, c, f and g
from St. 50, Mahe, Seychelles, 8 I 1958. d and e from St. 34A, Mahe,
Seychelles, 4 I 1958.

vi

5mm
Figure

20.

Views of an egg capsule of Ganus varius Linnaeus. St. 55, Sil
houette Island, Seychelles, 8 II 195 8.

I
Figure 2 r. Developmental stages of C onus varius Linnaeus. a, uncleaved
egg; b, trochophore-like stage; c, veliger shell. St. 55, Silhou
ette Island, Seychelles, 8 II 195 8.

2 cm
Figure 22. Three capsules from an egg mass of Ganus vexillum Gmelin.
St. 35D, Moyenne Island, Seychelles, 18 I 1958.
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I cm
Figure 23. Views of an egg capsule of Ganus virgo Linnaeus. St. 35B,
Moyenne Island, Seychelles, 26 XI 1957.

5mm
Figure 24. Views of an egg capsule of Conus sp. (?). St. 32, Mahe, Sey
chelles, ro XII 1957.

Kohn: Studies of Conus - Indian Ocean
upper edge is concave; the capsular walls are translucent and bear pronounced
irregular surface ridges; the eggs appear to be light yellow through the walls.
Some capsules are attached to the substratum, close together, with confluent
basal plates; as many as three capsules were affixed to a single previously
deposited capsule, thus forming an extremely dense cluster. The characteristics
of the egg mass are summarized in Table III. Data on an egg mass of this
species from Hawaii (Kohn, 1961) are included for comparison.
The egg mass was retained in a vessel of sea water in order to study the
course of development. A capsule removed from the cluster on the day following
oviposition contained eggs which were still quite spherical (diameter c. 220 µ)
but which had the first and second cleavage furrows visible (Figs. I I a, I I b).
On the fourth day after oviposition, embryos in two capsules were possibly
in the blastula stage, with cell boundaries fairly distinct; these embryos measured
225 µ in diameter and were motile when released from the capsules. On the
sixth day after oviposition, one capsule contained well developed embryos in
the suppressed trochophore stage (Kohn, 1961) (Fig. 1 I c); these measured
265 x 190 µ. Two other capsules contained embryos whose development had
been arrested at the 4-cell stage and which were undergoing cytolysis.
The contents of two capsules were examined on the eighth day after ovi
position. Both contained trochophore-like embryos (300 x200 µ) as well as
embryos with development arrested at various earlier stages. A similar condition
was found in a capsule examined on the tenth day after oviposition; in this
case the trochopores comprised only about 25 °/o of the embryos. A capsule
examined on the twelfth day after oviposition contained very active embryos,
most of which were in a late trochophore-like stage, but at least one had
undergone lobation of the velum and was in an early veliger stage; the trocho
phores measured 350 x225 µ. A capsule examined on the fourteenth day after
oviposition contained early veligers measuring 300-340 x I 90-2 I 5 µ. The
velar lobes were small, the eyes were not yet visible, and green pigment spots
on the velum were just beginning to form; the whorl of the shell had not yet
begun to appear in most individuals.
Unfortunately, no further development took place in the culture. On the
sixteenth day after oviposition, four capsules were examined, all of which
contained dead and decomposing embryos. The remainder of the capsules were
retained until the twenty-second day after oviposition, but none had hatched
and all were fixed on that date.
Conus leopardus (Roding)
I.

Station and Date. St. 35 B; reef along northwest side of Moyenne Island,
near Mahe, Seychelles; 26 XII 1957.
Specimen. Adult�, No. 5035, 80 x49 mm; observed ovipositing on under
side of large coral rock in 1.3 m of water. Four specimens of C. virgo
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(q. v.) with egg capsules and one specimen of C. textile were also collected
under the same rock.
Station and Date as above.
Specimens. Four adults:¥, No.5039, 108x6omm; J, No.5040, 83x
56 mm; J, No.5041, 88x56 mm; J, No.5042, 80x50 mm;collected
on sand and rubble under another coral rock in 1.3 m of water. A large
cluster of egg capsules, apparently deposited by the only female present
(No. 5039), was affixed to the underside of the rock.
Station and Date. St. 35 D; reef along south side of Moyenne Island, near
Mahe, Seychelles; 18 I 1958.
Specimen. Adult ¥, No. 5507, 96x 61.5 mm; observed ovipositing on
underside of granite rock in 1.5 m of water. Two other clusters of
C. leopardus egg capsules were observed but not collected.
Station and Date. St. 36; northern reef, Anse a la Mouche, Mahe, Sey
chelles; 24 XI 1957.
Specimens. Two adults;¥, No. 49 81, n5x65mm; J, No. 49 82, 82x
51 mm; collected with egg capsules in 0.2 m of water. Coll. by W. D.
Hartman and J. H. Hayward.
Station and Date. St. 48; reef between Southeast Island and Rat Island,
near Mahe, Seychelles;5 I 1958.
Specimens. Two adults: J, No. 5310, 104x66 mm;¥, No.5311, IOIx
63 mm; one on sand under Porites head, the other on sand and rubble
nearby, in 0.7 m of water. A cluster of egg capsules was found affixed
to the underside of the coral head.

Remarks. These egg capsules, which agree closely in form with those of
C. leopardus described from Hawaii (Kohn, 1961), are very large, convex on
one lateral edge and straight or slightly concave on the other. Since the latter
edge is longer (or of the same length), the upper edge of the capsule is not
parallel with the substratum but is higher on the straight or concave side. The
capsules are white and rather opaque, with irregular surface ridges. The white
eggs were visible, however, through the walls. All capsules are affixed to the
substratum, apparently in rather irregular rows, and the basal plates are con
fluent. The characteristics of these egg masses are summarized in Table III.
It was possible to follow the course of larval development in the egg masses
collected at St. 35 D and 48. On the day following oviposition, a capsule from
the cluster taken at St. 35 D contained spherical eggs (diameter 225µ) (Fig. I 2a),
in some of which the first two cleavage furrows were visible (Fig. 12 b). The
embryos were motile when released from the capsule. On the fourth day fol
lowing oviposition, a capsule contained embryos measuring 215-240x 200 ,u;
these may have been in an early trochophore-like stage (Fig. 12c), but cell
outlines were not visible. The embryos were motile when released from the
capsule. On the eighth day following oviposition, the embryos, now 275x 200µ,
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appeared to be in a late trochophore-like stage (Fig. 12d), although it was
difficult to see structural details. Eye spots were just visible in some.
The two remaining capsules were allowed to hatch. No crowding toward
the exit window was observed on the twelfth day after oviposition, but the
larvae hatched as veligers (Fig.12 g, maximum shell dimension 2 75-3 l 5 µ) on
the fourteenth day after oviposition. The white veligers, which swam about
slowly in their container, exhibited only one thin row of pale green pigment
spots on the velum. The many embryos in arrested stages of development on
the bottom of the container suggested that the larvae may not have to swim
actively from the capsule but may be carried along in the remains of the al
buminous matrix by the swimming activity of other individuals. However, it
is possible that this is an abnormal phenomenon due to culture conditions. The
embryos swam actively about the dish for only two days after hatching; on
the third day all were dead.
On the day following collection, the contents of two capsules removed from
the egg mass collected at St. 48 were examined. One contained dead embryos
in an early veliger stage while the other contained viable later veligers (Fig. I2 e).
Eyes and pale green pigment spots were visible on the velar lobes. The maximum
shell dimension was 290 µ. Most of the capsules hatched on the third day
following collection, indicating that the egg mass was collected about I I days
after oviposition. The maximum shell dimension of the hatched veligers
(Fig.12f ) was 275-290µ. All of the veligers died without any noticeable
further development between the first and fifth days after hatching.
Conus lividus Hwass in Bruguiere
I. Station and Date. St. 12; fringing reef about 150 m east of lighthouse,
Foul Point, Ceylon; 27 VIII 1957.
Specimen. Adult �' No. 4034, 28 x I 7 mm; collected on the underside of
a coral rock near the outer edge of the reef. A cluster of very small egg
capsules was affixed to the underside of the rock. Oviposition was not
observed but was presumably in progress, since adult Conus are virtually
never found on the undersides of rocks except when ovipositing. It is
of interest that this specimen regurgitated a large polychaete ( Lysidice
collaris Grube) after collection. Other (unpublished) evidence has also
been obtained to the effect that Conus does not cease to feed during the
spawnmg season.
2. Station and Date. St. 12; fringing reef about 150 m east of lighthouse,
Foul Point, Ceylon; 30 VIII 1957.
Specimen. Adult�' No. 4054, 33 x 19 mm; collected on sand under a coral
rock in 0.3 m of water. Three widely scattered clusters of egg capsules,
two of which contained but two and three capsules, were affixed to the
underside of the rock.
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3. Station and Date. St. l 2; west side of lighthouse, near shore, Foul Point,
Ceylon; 30 VIII 1957.
Specimen. Adult <;2, No. 4053, 24x14 mm; observed ovipositing on the
underside of a small terrigenous rock in o.7 m of water.
4. Station and Date. St. I 7; Funidu Island, North Male Atoll, Maldive
Islands; 19 X 1957.
Specimen. Adult <;2, No. 4085, 31x18 mm; collected on sand under a
coral rock in o.7 m of water. A cluster of egg capsules was affixed to the
underside of the rock.
5. Station and Dates. St. 17; Funidu Island, North Male Atoll, Maldive
Islands; 23 IX 1957.
Specimen. Adult <;2, No. 4227, 26x 15 mm; collected on sand under a coral
rock. Egg capsules of fresh appearance were affixed to the underside of
the rock. Oviposition was not observed but may have been in progress
before collection.
6. Station and Date. St. 5 I ; fringing reef on north side of Frigate Island,
Seychelles; I I I 1958.
Specimens. Two adults: J, No. 5686, 44x26 mm; <;2, No. 5687, 46x27
mm; both collected on sand and limestone pavement under the same
coral rock under 0.3 m of water. Egg capsules were affixed both to the
underside of the rock and to the limestone substratum. No. 5687 de
posited two additional egg capsules after collection.
Remarks. The lateral edges of C. lividus egg capsules (Fig. I 3) are convex
and scalloped, the upper edge straight or slightly concave. The capsule walls
are translucent and their surfaces bear obscure ridges. The capsules appeared
uniformly dark rose pink just after deposition (No. 4053), presumably because
the eggs within them, which are of that color, are evenly dispersed. Later
developmental stages appear brown through the capsule wall. All capsules are
typically affixed directly to the substratum, often in two or three rows, by
confluent basal plates. The characteristics of the egg masses are summarized
in Table III.
Although it was not possible to follow the course of development in any of
the C. lividus egg masses, embryos at various stages were preserved in the
capsules. The sizes of these embryos are given in Table IV. The advanced
veliger shell is shown in Fig. r 4.

Conus miliaris Hwass in Bruguiere
Station and Date. St. 25; lagoon (north) side of Gan Island, Addu Atoll,
Maldive Islands; 15 X 1957.
Specimen. Adult <;2, No. 4464, 21x 13 mm; ovipositing on the underside
of a coral rock in 1.3 m of water. Three capsules had been deposited
and a fourth was deposited in the vial after collection.

Kohn: Studies of Conus - Indian Ocean
TABLE IV.

MEASUREMENTS OF

Conus li-vidus

DEVELOPMENT.

Developmental Stage
Uncleaved egg .......................
2-cell stage ..........................
Cell diameter ......................
4-cell stage ..........................
Cell diameter ......................
4-cell stage (first 2 cleavages simultaneous)
Cell diameter ......................
Advanced veliger (max. shell dimension)..
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EMBRYOS AT VARIOUS STAGES OF

Size (µ)
125-140
l 75-190x 90-100
90 X 100
150x 150
75
140 X 140
75
200

Specimen Number
(See Table III)
4034
4034
4034
4034
4053
4053
5586-5587

Remarks. The egg capsule is similar in form to that of C. coronatus (Fig. 5).
The base is narrow with a very short stalk; the upper portion is quite broad and
contains a long exit window. The capsular walls are smooth but bear two ridges
extending downward and inward from the upper corners on one side. The
white eggs, 150-165 µ in diameter, are easily visible through the translucent
walls of the capsule. The characteristics of the egg mass are summarized in
Table V. It was not possible to follow the course of larval development in
the egg capsules, which contained uncleaved eggs and early cleavage stages
when fixed.
Conus moreleti Crosse

Station and Date. St. 36; northern reef, Anse a la Mouche, Mahe, Sey
chelles; 25 I 1958.
Specimen. Adult '(, No. 5723, 38 x 19 mm; observed ovipositing on the
underside of a coral rock near the outer edge of the reef. Coll. by J. H.
Hayward.
Remarks. The egg capsules are convex along the lateral margins and almost
straight across the upper edge, where the exit window is rather small but
prominent. The capsule walls are thin and translucent and the bright pink
newly laid eggs are strikingly visible through them. The surface bears irregular
ridges and, on one side, two prominent ridges arise at the upper corners and
extend downward (Fig. I 5). They are similar to the ridges on the capsules
of some other species (e.g., C. coronatus, C. miliaris, and C. geographus), but
in this case they are parallel to each other. Each capsule is affixed to the sub
stratum by a very short stalk and basal plate. The characteristics of the egg
mass are summarized in Table V.
The cluster was retained in a vessel of sea water for study of development.
On the day after oviposition, a capsule removed from the cluster for examina
tion contained uncleaved eggs 150µ in diameter (Fig. 16a) and another con
tained what appeared to be 4- and 8-cell stages (Fig. r 6 b,c). On the fifth day
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TABLE V. CHARACTERISTICS OF EGG MASSES OF SPECIES OF Conus COLLECTED IN THE INDIAN OCEAN.

460

375-405

150

150-165

(µ)

Diam . of
Uncle ave d
Egg

�

�

......

<:
......

r-,

;::;

�-

�
::::::
"'...,
....

;:,-,
�-

�
'I
�

;:::

I:)

"'

a
...,

I:)

�;:,-,

Oj

�
.,.;:,-,
"'

;:!'

�
�
....

Oj

w
+

5327

5534

48

51

22

15x11

8x6-7

10-llx8-8.5

9t

26*

9-10.5x7

7*

2.5-3.5

3.5-4

3

5-6

11-1l.5x 8.5-9.5

15*

5400

50

* Oviposition interrupted by collection.

8-10

l7-20x13-15

48

5292

34A

C. textile

tt This

* Oviposition interrupted by collection. t Uncertain whether all capsules collected.
species is referred to as C. tahitensis rattus Hwass by Ostergaard (1950).

Oahu, Hawaii
(Ostergaard, 1950)tt

4010

8

C. rattus

--�-

72,000
>15,000

1,000

44,000

>100,000

>57,000

>30,000

1,510

2,000

3,800
4,000

4,900
6,500
7,500

4,600
3,900

225-240

125

120

175

125

,....

0--

V1

w

"'
"'

I:)
;:i

t;<
El--:

�

�
El--:
"'
'->

;:,,..,
;:i

L._.J

'°

Bulletin of the Bingham Oceanographic Collection

[XVII

following oviposition, oval embryos measuring I 65 x 140 µ were motile when
released from a capsule, suggesting the presence of a ciliated ring or pro
totroch indicative of the suppressed trochophore stage (Fig. r 6 d). However,
the prototroch could not be seen with the available microscope. Cell out
lines were still visible in some of the embryos, which remained bright pink
in color.
On the seventh day following oviposition, some embryos were in a late
trochophore-like stage (Fig. 16 e) while others were in early to mid-veliger
stages (Fig. 16 f ). The veliger shell was not completely formed, the velum
was only partially lobed, and eyes were visible in some individuals. The embryos
measured 225 x 1oo µ, and the maximum dimension of their shells was 165 ft.
On the ninth day after oviposition, the veliger shells were well formed although
the velum was not completely expanded (Fig. I 6 g). The eyes and rudiments
of the foot were visible but no green pigment spots were present on the
velar lobes. The pink color was retained in the digestive gland ("foie"
of Risbec, 1932). The veliger shells measured 190 µ in maximum dimen
sion. No further development took place in the culture. The egg capsules,
all of which contained dead and decomposing embryos, were fixed on the
fifteenth day after oviposition.
Conus pennaceus Born
Station and Date. St. 25; lagoon (north) side of Gan Island, Addu Atoll,
Maldive Islands; 15 X 1957.
Specimen. Adult �, No. 4478, 60 x 35 mm; observed ovipositing on the
underside of a coral rock in 0.7 m of water.
Remarks. The characteristics of the egg mass are summarized in Table V,
which, for comparison, also contains averages of data on I 1 egg masses from
Hawaii discussed by Kohn (1961). The egg capsules in the cluster from St. 25
are slightly convex along the lateral edges, more so on one edge than on the
other. The upper edge, consisting of the exit window, is Rat, while the lateral
edges are slightly scalloped. The form of the capsule is thus essentially identical
with that of the same species from Hawaii described and figured by Ostergaard
(1950) and by Kohn (1961: fig. 9). The capsule wall is rather thick but
translucent and bears indistinct surface ridges. Attachment to the substratum
is as described by Ostergaard (1950). Most capsules are affixed to one or two
previously deposited capsules, only a few anchoring the compact cluster to
the substratum.
Unfortunately, embryonic development could not be studied in this egg
mass. As noted below in the Discussion, the large eggs and relatively small
number per capsule suggest the absence of a pelagic veliger stage. The develop
ment of C. pennaceus in Hawaii has been discussed in some detail by Ostergaard
(1950) and Kohn (1961).

Kohn: Studies of Conus - Indian Ocean

37

Conus rattus Hwass in Bruguiere

I. Station and Date. St. 8; fringing reef on south side of Fort Frederick,
Trincomalee, Ceylon; 21 VIII 1957.
Specimen. Adult '.j!, No. 4010, 30x I 8 mm; observed ovipositing on the
underside of a coral rock in 1.5 m of water.
2. Station and Date. St. 48; reef between Southeast Island and Rat Island,
near Mahe, Seychelles; 5 I 1958.
Specimen. Adult '.j!, No.5327, 27x17 mm; with egg capsules. Coll. by
J. H. Hayward.
3. Station and Date. St. 5 I; reef on north side of Frigate Island, Seychelles;
II I 1958.
Specimen. Adult '.j!, No. 5704, 27.5x18 mm; observed ovipositing on the
underside of a coral rock in I5 cm of water on the offshore portion of
the reef.
Remarks. The characteristics of these egg masses are summarized in Table
V, which for comparison also contains information on a C. rattus egg mass
from Hawaii reported by Ostergaard (195o). The outline of the egg capsule is
symmetrical, both lateral edges being slightly convex and scalloped and the
upper edge (exit window) concave. Some of the capsules, such as that shown
in Fig. I7, are considerably higher than wide. Others (Table V) approached
the form of the capsules tentatively assigned to this species in Hawaii (Kohn,
I 96 I). The capsule wall is thin and almost transparent and bears irregular
surface ridges. All capsules are affixed to the substratum in a dense but irregular
cluster by means of confluent basal plates.
It was not possible to follow the course of development in any of the egg
masses. They contained uncleaved eggs (Table V), two-cell stages (175-1Sox
100µ) and four-cell stages (15ox150µ).
Conus textile Linnaeus

The present species is referred to C. textile with some hesitation. Members
of Seychelles populations differ from typical C. textile by having a narrower
and thicker shell with a pink aperture, but this likely represents geographic
variation in a widely distributed and highly variable species.
I. Station and Date. St. 34A; fringing reef, northern part of Anse aux Pins,
Mahe, Seychelles; 4 I 1958.
Specimen. Adult '.j!, No. 5292, 59x 32 mm; collected on sand under a
coral rock in 0.7 m of water. A large cluster of egg capsules was affixed
to the underside of the rock.
2. Station and Date. St. 50; fringing reef, Glacis, Mahe, Seychelles; 8 I 1958.
Specimen. Adult '.j!, No. 5400, 42x20 mm; observed ovipositing on the
underside of a coral rock in I m of water.

....
Bulletin of the Bingham Oceanographic Collection

[XVII

Remarks. Both lateral edges of the egg capsule are convex, one more so
than the other, and the uppermost edge or exit window is straight or slightly
convex. Some capsules are attached to the substratum by basal plates while
others are attached to previously deposited capsules, thus forming a rather dense
cluster (Fig. I 8). The characteristics of the egg masses are summarized in
Table V.
It was possible to study the course of development in both of the egg masses
described above. The contents of one capsule from the cluster taken at St. 50
were examined on the day following oviposition. The eggs, 225-240 µ in dia
meter, were uncleaved and white in color; most of them had one or two polar
bodies projecting at one point (Fig. 19a). Another capsule removed on the
fifth day contained embryos (Fig. 19b) that were possibly in the gastrula stage.
Cell boundaries were visible but it was not possible to count the number of
cells. The maximum dimension of the eggs was 250-265 µ. On the seventh
day after oviposition, a capsule contained embryos whose development was
arrested at the 4-cell stage. A second capsule contained a large number of
elongate, motile embryos measuring 300 µ in maximum dimension, presum
ably in the suppressed trochophore stage (Fig. 19c); others showed develop
ment arrested at earlier stages.
On the I 6th day after oviposition, the author returned from a week's
collecting trip to another island to find all of the capsules hatched, with the
veligers (Fig. 19f ) alive but on the floor of the container. Hatching presum
ably occurred on the urth-15th day following oviposition. Some individuals
(maximum shell dimension 400 t,i) were beginning to assume a brownish
yellow color at the growing edge of the shell and a dark brown on the col
umella (Fig. I 9g). In most individuals, the velar lobes were filled with green
pigment spots except for a clear area along the margins. The small foot was a
little broader than that shown in Fig. 19e for No. 5292, but it was not yet
functional; true settling had not occurred. All veligers died by the third day
after hatching. The maximum observed development of the veliger shell is
shown in Fig. I 9g.
On the day following collection, a capsule removed from the cluster col
lected at St. 34A contained early veligers measuring 350 µ in maximum
dimension (Fig. 19d). They were motile when released from the capsule. Eyes
and otocysts were not visible nor were green pigment spots on the velar lobes.
A few uncleaved eggs were present. On the third day after collection, the eyes
were visible as small black dots and the shell was easily seen. Its maximum
dimension was 340-350 µ. On the fifth day after collection, the veliger stage
was well advanced, with tentacles developed and green pigment spots present
on the inner part of the velar lobes. The veliger shells still measured 325350 µ in maximum dimension.
On the ninth day after collection, the author returned from a 3-day trip
to another island to find that most of the capsules had hatched and that the
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TABLE

VI.

Conus textile

SUMMARY OF LARVAL DEVELOPMENT IN

,-- Egg Mass from Station 50 �

r-- Egg

Days after
Oviposition

Days after
Oviposition

Stage of
Development

Maximum
Dimension

(µ)

Uncleaved egg

225-240

5

Blastula ( ?)

250-265

7

Troehopore

300

14-15 ( ?)

Hatching

365-400

39
LINNAEUS.

Mass from Station 34A �
Stage of
Maximum
Development Dimension

(µ)

Collection presumably on or about 7th day
Early veliger
340-350
8 ( ?)
Well developed 325-350
10 ( ?)
veliger
15 ( ?)

Hatching

veligers were swimming about in the container. The larvae appeared green
due to the prominent green pigment spots on the velar lobes; these occurred
in one or two rows around the margin (Fig. 19e) and many individuals bore
additional spots over the entire surface of the lobes. Swimming accounted for
all locomotion; veligers on the floor of the dish did not crawl but remained
motionless except for the beating of cilia. By the eleventh day after collection,
when the observations had to be terminated, a few veligers were still swim
ming, but many live and dead veligers were lying on the bottom; the culture
also contained large numbers of Protozoa.
The course of larval development in the two egg masses of C. textile studied
is compared and summarized in Table VI.
Conus tulipa Linnaeus

Station and Date. St. 35 B; reef on west side of Moyenne Island, near
Mahe, Seychelles; 9 XI 1957.
Specimens. Five adults (sexes undetermined, shell lengths 69, 7 I, 7 2, 73,
73 mm); "all five with masses of eggs below large loose coral in de
pression near reef edge." Data from unpublished notes of R. C. Wood.
The egg masses were not collected.
Conus varius Linnaeus

Station and Date. St. 55; fringing reef at La Passe, Silhouette Island,
Seychelles; 8 II 1958.
Specimens. Three adults: l'.j2, No. 5874, 34x 19 mm; collected on sand
under a coral rock in Io cm of water. A cluster of egg capsules was
affixed to the underside of the rock just above the adult. l'.j2, No. 5875,
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38x2 I mm; collected on limestone bench under the same coral rock
as No. 5874. A second cluster of egg capsules was affixed to the under
side of the rock just above this adult. Sex undet., No. 5876, 38x22 mm;
collected on sand under another coral rock in 3 cm of water. A cluster
of egg capsules was affixed to the underside of the rock.
Remarks. The shape of the egg capsule (Fig. 20) is typical of the genus.
The outline is almost symmetrical except for the eccentrically placed stalk;
the lateral edges are rather convex and the upper edge concave or straight.
The capsule walls are thin and translucent and bear parallel ridges along the
margins. Each capsule is affixed to the substratum with confluent basal plates.
The characteristics of the egg masses are summarized in Table VII.
Uncleaved eggs 160µ in diameter (Fig. 21 a) were present in the egg
masses associated with No. 5874, but it was not possible to follow the course
of larval development. The egg mass found with No. 587 5 contained embryos
in a suppressed trochophore stage measuring 190-2oox150µ (Fig. 21 b).
Most of the capsules found with No. 5876 had hatched and were empty, but
a few contained veligers apparently ready to hatch. A shell of one of these,
which measured 250µ in maximum dimension, is shown in Fig. 21 c.
Conus vexil!um Gmelin

Station and Date. St. 35 C; reef on west side of Round Island, near Mahe,
Seychelles; 30 XI 1955.
Specimens. Four adults (shell length c. 90 mm) "taken in space below one
coral head" ovipositing; Data from unpublished notes of R. C. Wood.
2. Station and Date. St. 35 D; south side of Moyenne Island, near Mahe,
Seychelles; 18 I 1958.
Specimen. Adult �, No. 5518, 82x 50 mm; observed ovipositing in a
cavity of a coral head in I m of water.
I.

Remarks. The characteristics of the latter egg mass are summarized in
Table VII, which also includes for comparison data on an egg mass of C. vexil
lum from Hawaii given by Ostergaard (1950). The egg capsules from St. 35 D
(Fig. 22) are variable in shape. The lateral edges are straight to convex, the
upper edge (bearing the exit window) is straight or irregularly curved, and the
capsule walls are thin and translucent; these characters are in agreement with
those reported by Ostergaard (1950). Many small ridges give the walls a
tuberculate surface. All of the capsules were affixed to the substratum in an
irregular, fairly dense cluster, similar to that figured by Ostergaard (1950:
fig. 14). The basal plates are confluent.
The egg mass was retained in a container of sea water. On the day after
oviposition, a capsule removed from the cluster contained 4- and 8-cell embryos
which were still spherical and measured 190µ in diameter. On the fourth day

5875

5876

5518

55

55

C. 'Vexillum
35D

34*

18

40

33

27.5-3lx17.5-21.5

9-llx7-8

9.5-10.5x6-7

8-10x6-7

Hgt. X
Max. Brdth.
of Capsules
(mm)

5053-5056A
5053-5056B
5053-5056C

4008

10
3
38

41*

35B
5058-5059
7*
* Oviposition interrupted by collection.

35B
35B
35B

C. 'Virgo

15-17.5x13-14

20x13
12-13x12-13
l7-19x13-15

30-32x20-22

10-11

9
8
10-11

14-16

Conus sumatrensis

c. 10

11.5-14

3.5-4

2.8-3.5

3.2

Lgth. of
Exit Window
(mm)

Oahu, Hawaii
(Ostergaard, 1950)t
34
20x 13
* Oviposition interrupted by collection. t This species is referred to as
Hawaiian forms are almost certainly conspecific.

5874

Spec. No.

C. 'Varius
55

Station

No. of
Capsules/
Cluster

140

-

>1,500,000

-

160

(µ)

Diam. of
Uncleaved
Egg

81,000

63,000

No. of
Eggs/
Egg Mass

-

3,900
7,400
6,100

-

18,000
16,500
16,900
5,800

-

-

220,000

58,000

>700,000

200

185
200-225

170

140
"thousands"
Hwass by Ostergaard (1950). The Indian Ocean and

34,500
42,500
53,530

-

1,800
1,800
2,100
1,900
1,700
1,800
1,900
2,700

No. of
Eggs/
Capsule

TABLE VII. CHARACTERISTICS OF EGG MASSES OF SPECIES OF Ganus COLLECTED IN THE INDIAN OCEAN.
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after oviposition, a capsule contained pear-shaped, motile embryos ( I 65 x 125µ),
possibly in early trochophore-like stage. Two other capsules examined on this
date contained embryos whose development had been arrested at earlier stages.
No further development took place in the culture; all capsules appeared to
contain only dead embryos on the eighth day after oviposition.
Conus virgo Linnaeus
I. Station and Date. St. 8; fringing reef along south side of Fort Frederick,
Trincomalee, Ceylon; 20 VIII 1957.
Specimen. Adult �, No. 4008, 104 x58 mm; observed ovipositing on the
underside of a large coral rock near the seaward edge of the reef in
1.5 m of water.
2. Station and Date. St. 35 B; reef on northwest side of Moyenne Island,
near Mahe, Seychelles; 26 XI 1957.
Specimens. Four adults:�, No. 5053, 58x33 mm;�, No. 5054, 64x37
mm; �, No. 5055, 66x39 mm; c)', No. 5056, 54x31 mm; collected
under one coral rock in 1.5 m of water. Three clusters of egg capsules,
perhaps corresponding to the three adult females, were affixed to the
underside of the rock. In addition, an egg mass of C. leopardus (No. 5035,
see p. 29) was also present.
Two adults: 3', No. 5058, 68x41 mm;�, No. 5059, 62x35 mm; col
lected under a coral rock in I m of water; No. 5059 was observed
ovipositing on the underside of the rock.
Remarks. The egg capsules of C. virgo are rather variable in outline. At
least one lateral margin is always convex, the other usually less convex or
straight; the upper edge may be straight, convex, or concave. The capsule
wall is thin, translucent, and only faintly ridged except for two rather strong
ridges extending downward and inward from the ends of the exit window on
one side (Fig. 23). All capsules are affixed to the substratum by confluent basal
plates, often in short rows, in an irregular, fairly dense, cluster. The charac
teristics of the egg masses are summarized in Table VII. The circumstances
of collection suggest a gregarious behavior of C. virgo when spawning.
It was not possible to observe the course of larval development in the C. virgo
egg masses. The eggs in all but one of the clusters were uncleaved when fixed
(Table VII). Cluster "A" from St. 35 B contained four-cell embryos measuring
200-225 µ on each side. The cells were often unequal in size and varied from
75 to I 15 µ in diameter.
Conus sp. (?)
Station and Date. St. 32; southern reef, Anse a la Mouche, Mahe, Sey
chelles; 10 XI 1957.
Egg capsules. A cluster of large egg capsules, similar in form to those of
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Conus spp. described previously (Kohn, I96 I) above and was found
affixed to the underside of a coral rock.
Remarks. Although no adult was nearby, the capsules were collected because
of their unusual appearance (Fig. 24). The cluster contained 31 capsules which
measured 23-24 mm in height by 22-28 mm maximum breadth. The length
of the exit window is I7-18 mm. Most capsules have a markedly rounded ap
pearance, although the outline is rather variable. All of the capsules were
attached to the substratum, many of them in short rows, by confluent basal
plates. The capsules contained well developed veligers which measured 325µ
in maximum shell dimension.
ACCOUNTS OF OTHER CONUS EGG MASSES
FROM THE IN DIAN OCEAN
Information on egg capsules and larval development is available for only
one species of Conus from the Indian Ocean in addition to those reported above.
Natarajan (1957) has given an account of C. araneosus Solander, in which the
eggs are large (467-517 µ in diameter) and the pelagic stage is extremely short
or absent. In addition, Thorson ( I 940) has reported on the egg capsules, eggs,
and larvae of C. tessulatus Born and C. planiliratus Sowerby from the Persian
Gulf.
DISCUSSION
Spawning Season. Although collections were made during all months be
tween August and February, it was not possible to obtain significant data con
cerning the spawning season of any other species studied. But it is known from
work in other areas that the spawning season of Conus may extend over a
period as long as seven months (Kohn, 196 I); the situation in some other
tropical marine invertebrates is similar (Thorson, 1950). Egg masses of most
species reported here were collected only in a single month; the few which
were collected in more than one month are tabulated in Table VIII.
TABLE

VIII.

COLLECTION RECORDS OF

Conus

EGG MASSES FOUND IN MORE THAN

ONE MONTH (INDIAN OCEAN).

......

January
August .......
September ....
October ......
November ....
December

....

coronatus
X
X

rattus

leopardus

virgo

X

X

X

X

X

X

lividus

* Previously unpublished data of R. C. Wood.

X

X

X

X
X

geographus

X

X

x*
x*
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Spawning Behavior. Perhaps the most interesting aspect of spawning be
havior observed during the Expedition was the aggregation of several adults
associated with spawning. In five cases, representing four species, one male
and one female of the same species were observed under a rock to which egg
capsules of that species were attached, and several pairs were observed where
egg capsules were not present (Kohn, I960). In another case the aggregation
consisted of three males and one female of a species, and in three other cases,
three to six females were accompanied by only one male or none. In previously
unpublished studies reported here, R. C. Wood observed six groups consisting
of 4 to 15 individuals of the same species (sexes undetermined) associated
with spawning; these observations included three species. This phenom
enon was also reported for C. quercinus Solander in Hawaii (Kohn, I96 I)
and for the eastern Atlantic species C. guiniacus Hwass in Bruguiere; in C.
guiniacus Thorson (unpublished data) observed aggregations of as many as So
individuals.
Gregarious behavior associated with spawning also occurs in a small number
of other gastropods. A single egg mass produced by more than I 2 females of
Buccinum terranovae M0rch has been described by Degner (1934), and similar
aggregations of up to 28 females of B. undatum Linnaeus and B. groenlandicum
Hancock are mentioned by Dons (1913). Dulzetto (1946) has stated that
several females of Murex trunculus Linnaeus may produce a common egg mass.
More recently, Hancock (1959) has reported aggregations of up to 49 indi
viduals of Urosalpinx cinerea (Say) engaged in mass spawning and has reviewed
the observations of earlier workers on that species.
Hancock (1959) suggested that chemotaxis may play a role in gregarious
spawning behavior, but no experimental work directed toward an explanation
of this phenomenon seems to have been carried out to date. The presence of
males in some of the spawning aggregations of Conus noted above suggests
the possibility of chemotaxis. It is also possible that congregation of females
depends solely on a low density of suitable spawning sites.
Eggs and Egg Capsules. The eggs and egg capsules of the species discussed
in this paper are in general similar to those previously described (Kohn, 1 96 I).
Polar bodies were observed only in the eggs of C. textile. The eggs are suspended
in an albuminous (probably nutritive) medium in capsules that are presumably
constructed of conchyolin and are affixed to the substratum by a short stalk
and basal plate. The substratum is usually the underside of a rock. In some
species all capsules are affixed directly to the rock while in others previously
deposited capsules are used as a substratum for later ones. The capsules are
always deposited in clusters, which frequently consist of short rows of capsules.
In the case of C. jigulinus, which deposits egg capsules on soft substrata, the
first few capsules of a cluster contain no eggs and serve only to anchor the
cluster in the substratum.
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TABLE IX. SUMMARY OF DATA ON EGGS AND HATCHING IN INDIAN OCEAN Conus.

Species

Av. No.
Eggs/
Capsule

Av. No.
Eggs/
Egg Mass

Av.Egg
Diam.

(µ)

Av. Time
of Develop.
in Capsule
(days)

Stage at
Hatching

araneosus* .

164

c.7,400

490

arenatus . . .
coronatus...
ebraeus . . . .
figulinus . . .
geographus .
glans . . . . . .

3,500
1,300
2,000
7,000
16,100
48

36,000
39,000

veliconcha (brief
pelagic stage or none)

165

imperialis . .
leopardus . .
li<vidus . . . .
miliaris. . . .
moreleti ....
pennaceus . .

veliger (pelagic)
veliger (pelagic)t
veliger (pelagic)*
veliger (pelagic)
veliconcha (probably
nonpelagic)

rattus . . . . .
textile . . . . .
varius .....
vexillum ...
virgo ......

>222,000
870,000
1,600

200

3,300
11,800
2,800
1,000
2,400
569

>188,000
>294,000
> 50,000
> 40,000
> 33,000

220
220
140
160
150
390

5,000
1,300
2,000
43,500
10,700

62,000
72,000
72,000
>l,500,000
>326,000

175
230
160
140
195

" Data of Natarajan (1957).
(1950) for Hawaii.

t Data

440
>14
14
> 9

14

veliger (pelagic)
veliger (pelagic) ( ?)
probably veliconcha
(brief pelagic stage
or none)
veliger (pelagic)
veliger (pelagic)

of Risbec (1932) for New Caledonia, and of Ostergaard

In the material collected by the Expedition, the number of egg capsules
per cluster ranged from 2 to 83, but few definitive data could be obtained on
the number of eggs produced in one egg mass. In a number of cases it was
impossible to ascertain whether or not oviposition had been completed at the
time of collection, and for this reason several averages of the number of eggs
per egg mass are preceded in Table IX by the symbol >. In the species studied,
the number of eggs range from less than 2,000 to more than 1,500,000. In
formation on the frequency of spawning during a female's lifetime and the
interval between successive spawnings is totally lacking.
Females of two species, C. glans and C. araneosus, lay fewer than I 0,000
eggs per egg mass (per year?), but all other species studied produce more than
30,000. The larvae of the two species mentioned also hatch as veliconchas,
or fully developed veligers, immediately prior to metamorphosis. There is
either no pelagic stage or only a short one, hence the larvae are able to settle
and assume a benthic mode of life as soon as they hatch, if the substratum is
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suitable. This has been demonstrated for C. araneosus by Natarajan (1957),
and it is probably true also for C. glans, although hatching has not been observed
in the latter species. In all other species in which the stage at hatching could be
determined, the larvae hatch as typical, free-swimming veligers.
The correlation of a relatively small number of eggs with nonpelagic larval
development in marine invertebrates, first demonstrated by Thorson (1950,
1952), occurs in at least one species of Conus (Kohn, 1961; see also Oster
gaard, 1950). Most of the species with nonpelagic development studied by
Thorson produced less than 1,000 eggs per female per breeding season whereas
about 20 °/o of the species with a long pelagic stage produced 1,000 to 10,000
eggs per female per breeding season. In contrast, all species of Conus known
to have a pelagic stage produce more than 30,000 eggs per egg mass.
NUMB ER
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�
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2

SPECIES

NUMBER

4

Averog e
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EGGS

PER

EGG MASS
Range
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>533,000

150 - 200

>142,000

39,000 -

>370,000

200 - 250

>209,000

72,000 -

>3 45,000
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250 - 300

<

300 - 350
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0
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8

w

Cl
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w
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400 - 450

I, 600
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>

<

Figure 25. Distribution of egg diameter and number of eggs per egg mass in Indian Ocean Ganus.

The distribution of egg size of Indian Ocean species of Conus is bimodal
(Table IX, Fig. 25). In all species listed in Table IX, the egg diameter is
either less than 250 µ or greater than 350 µ. A similar distribution was found
for the eggs of eight species of Conus in Hawaii (Kohn, r 96 I).
In addition to the relationship between number of eggs and mode of develop
ment, Thorson ( I 9 5 2) has demonstrated for prosobranch gastropods and other
marine invertebrates that small egg diameter is correlated with long pelagic,
planktotrophic larval life and that large egg diameter is correlated with non
pelagic development. The data summarized in Table IX and Fig. 25 support
this theory. However, among the prosobranchs studied by Thorson ( r 952),
which included arctic, temperate, and tropical species, all those with egg dia
meter less than about 150 µ had long pelagic stages while almost all those with
egg diameter greater than 220 µ had nonpelagic development; both forms of
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development were found in species having eggs of intermediate sizes. All
tropical Indian Ocean species of Conus that are known to have egg diameters
of less than 250 µ probably have relatively long pelagic stages while those
species with egg diameter greater than 350 µ probably have a very short pelagic
phase or none at all. This contrast is shown graphically in Fig. 26.
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9 1111 0 0
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( Thorson,
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Indian Ocean

�

Figure 26. Relationship of egg diameter and mode of larval development in prosobranch gastropods.
Each circle indicates one species. Solid circles, species with pelagic veliger stage; open
circles, species with nonpelagic development.
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TABLE X. COURSE OF LARVAL DEVELOPMENT IN INDIAN OCEAN Conus.
Days after
spawning C. imperialis

C. leopardus

C. moreleti

C. textile

C. <Vexillum

1st & 2nd
cleavage furrows (220µ)*

1st & 2nd
cleavage furrows (225 µ)

Uncleaved
egg (150µ)

Uncleaved
egg (240 µ)

4- and 8cell embryos
(190µ)

4-5

Blastula
(225µ)

Early
trochopore ( ?)
(240 µ)

Early
Gastrula ( ?)
trochophore ( ?)
(265 µ)
(165µ)

6-7

Trochophore
(265 µ)

8-9

Trochophore
(300µ)

Late
trochophore
(275 µ)

10-11

12-13

Late trochophore-Early
veliger (350 µ)

14-15

Early veliger
(340µ)

16

No further
development

Early-mid
veliger
(225 µ)

Trochophore No further
development
(300µ)

Advanced
veliger
(190µ)

Early
veligert
(350 µ)

No further
development

Welldeveloped
veligert
(350 µ)

Hatching
veliger (400 µ)

Hatching
veliger (275 µ)

* Maximum dimension noted in parentheses.

Early
trochophore
(165µ)

t

From a different egg mass.

It has been shown that two of the three species with nonpelagic develop
ment are also those which produce small numbers of large eggs. The third
species is C. pennaceus, which produces rather large numbers of rather large
eggs. In Hawaii, where this species produces smaller numbers (1,700-7,500)
of somewhat larger (470 µ) eggs (Table V), development is known to be
essentially nonpelagic (Ostergaard, 1950, as "C. omaria Hwass"; Kohn, 1961).
Unfortunately it was not possible to study development in the single egg mass
of this species collected in the Indian Ocean. It is not known, therefore,
whether its mode of development is similar to that in Hawaii.
Some information is now available on the egg masses and development of
2 I species of Conus from the Indian Ocean, and the course of embryonic
development is known in some detail for five species (Table X). Early cleavage
stages are found during the first few days after oviposition. The trochophore
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stage is atypical and suppressed, as is characteristic of gastropods which pass
that stage of development in an egg capsule or brood pouch (Raven, 1958).
The stage that is most similar to the trochophore is indicated as such in Table
X. The veliger, which is typical, is usually observed 7-9 days after oviposition
and is motile within the capsule before hatching.
The stage at hatching is known for nine species and can be surmised for two
others; of these eleven, eight (73°/o) hatch as pelagic veligers. This proportion
is similar to Thorson's finding ( I 940; see also discussion by Knudsen, I 95 o)
that the percentage of prosobranchs having a rather long (i.e. several to many
days) pelagic phase increases with decrease in latitude. Although the number
of species reported in the present paper (all from latitudes between r o0N and
rn°S) is small, other observations (Kohn, 1961 and unpublished data) confirm
the conclusion that veligers of most species of Conus, a predominantly tropical
genus, hatch from egg capsules and are pelagic for some time. However, the
larvae of a few species pass almost the entire veliger stage within the egg capsule
and assume a benthic mode of life immediately after hatching. The problem of
recruitment of new individuals is thus solved in two strikingly different ways
within one genus; i.e., in some species by large numbers of larvae subject to
the vicissitudes of long pelagic life and in others by small numbers of larvae
protected within the egg capsule almost until metamorphosis. At present, these
differences in larval ecology cannot be correlated with adult habitat or system
atic position.
AC KNOWLEDGMENTS
The material collected during the Yale Seychelles Expedition and reported
on in this paper was studied at the Bingham Oceanographic Laboratory with
aid from a Wendell W. Anderson Fellowship, and at the University Zoological
Museum, Copenhagen, and the University Marine Biological Laboratory,
Elsinore, with support of a grant-in-aid from the Sigma Xi-RESA Research
Fund. The writer is grateful to Professor Gunnar Thorson for providing
laboratory facilities, for making unpublished data accessible, for stimulating
discussions, and for arranging to have Mr. P. H. Winther prepare Figs. 4-24.
Gratitude is also expressed to Mr. R. C. Wood, who kindly permitted publica
tion of previously unpublished notes on spawning behavior of certain species
of Conus in Seychelles. The Yale Seychelles Expedition was made possible
through the generosity of Mr. Alfred C. Glassell, Jr.
REFERENCES
R.
1934. Ein Laichklumpen von Buccinum terrae-novae Beck. Arch. Molluskenk., 6: r4z-r45.
DONS, C.
r9r3. Zoologiske notiser II om egghegningen hos enkelta buccinider. Tromso Mus.
Aarsh., 35-36: rr-n.
DEGNER,

Bulletin of the Bingham Oceanographic Collection
DULZETTO,

L. F.

1946. Osservationi sulla deposizione di Murex trunculus L. R. C. Accad. Lincei, 8: r356I36r.

GRAVELY,

F. H.

r942. Shells and other animal remains found on the Madras Beach. II. Snails, etc. (Mol
lusca, Gastropoda). Bull. Madras Govt. Mus. (Nat. Hist.), 5(2): r-no.

HABE, TADASHIGE

r944. A study of the eggs and development of Japanese marine gastropods. I & IL
Shell Study Mag., IJ: r87-2or. (In Japanese.)

HANCOCK, D.

A.

r959. The biology and control of the American whelk tingle Urosalpinx cinera (Say) on
English oyster beds. Fish. Invest., Lond., (II) 22(10): r-66.

KNUDSEN, J0RGEN

r950. Egg capsules and development of some marine prosobranchs from tropical West
Africa. Atlantide Rep., I: 85-r30.

KOHN, A. J.

1960. Ecological notes on Conus (Mollusca: Gastropoda) in the Trincomalee region of
Ceylon. Ann. Mag. nat. Hist., (13) 2: 309-320.
196r. Studies on spawning behavior, egg masses, and larval development in the gastropod
genus Conus. I. Observations on nine species in Hawaii. Pacif. Sci., I4: In press.

NATARAJAN,

A. V.

r957. Studies on the egg masses and larval development of some prosobranchs from the
Gulf of Mannar and the Palk Bay. Proc. Indian Acad. Sci., 46: 170-228.
OSTERGAARD, J.M.

r950. Spawning and development of some Hawaiian marine gastropods. Pacif. Sci., 4:
75-n5.

RAVEN,

c. P.

r958. Morphogenesis: the analysis of molluscan development. Pergamon Press, New York.
31 l PP·

RISBEC, J.

r932. Notes sur la ponte et le developpement de mollusques gasteropodes de Nouvelle
Caledonie. Bull. Soc. zool. Fr., 57: 358-374.
THORSON, GUNNAR

r940. Studies on the egg masses and larval development of Gastropoda from the Iranian
Gulf. Dan. sci. Invest. Iran, 2: 159-238.
r950. Reproductive and larval ecology of marine bottom invertebrates. Biol. Rev., 25:
r-45.
r952. Zur jetzigen Lage der marinen Bodentier-Okologie. Verh. dtsch. zool. Ges., r951;
Zool. Anz., Suppl., I6: 276-327.

WERNER, BERNHARD

1939. Uber die Entwicklung und Artunderscheidung von Muschellarven des Nordsee
planktons, unter besonderer Beriicksichtigung der Schalenentwicklung. Zool. Jb.,
(Anat. Ontog.) 66: r-54.

Kohn: Studies of Conus - Indian Ocean

AJIAH

51

H. HOH

M3CJie/];OBaHIUI no IIOB8/];8HVIIO 6pIOXOHOI'VIX MOJIJIIOCKOB pol];a

Ganus BO BpeMH

lIHI;eKJia/];KVI, IlX HHI;eBhlX KarrcyJI Il JIV!qVIHOqHaro pa3BHTilH.
II. Ha6JIIO/];eHillI B J!IHl];VIHCKOM OKeaHe B rrpOl];OJIIB8HilH l7reJibCKOH
8KCIIe/];HI;HH Ha CenrneJibCKHe OcTpOBa.
RpaTKHH o6sop.
BrrepBbie /];aHbI OmICaHVIH lIHI;eBbIX KarrcyJI 0/];IlHHal];r,aTH BH/];OB pol];a
H

Jinq1rnoqHoe

paBBli!TIIe

rrpeIIMy�eCTBeHHO

Ha

qeTbipex

KopaJIJIOBbIX

BI1/];0B

co6paHI,bIX

pmpax.

B

J!IH/];IIMCHOM

JJ:o6aBOqHbie

CBe/];eHHH

Ganus

OKeane

/];aHbI

IIO

HOSHaH!IIO HeCKOJibHIIX paHee orrn:caHHbIX BI1/];0B. ;=rnr;a OTKJia/];bIBaIOTCH rryqKaMH
COCTOH�HMJ/1 H3 HeCKOJibHHX J/IJIII MHOI'J/IX KOMIIaKTHbIX, qmaKOH006pa3HbIX KarrcyJI
TIIIIJ/lqHo rrpIIKJieIIJIHeMbIX K HIIlRHeM IIOBepxHOCTII KaMHefi. CaMKH 60Jib IIIIIHCTBa

30000 /J:O 1500000 lIIII; B O):\HO}I
230 µ. JlIIqIIHKil BbIJIYIIJIHIOTCH B

STIIX BII/];OB OTKJia/];bIBaIOT OT
HJ/II; KOJie6JieTCH OT

1'±0

/J:O

Macce. gIIaMeTp
CTal];J/11/1 CB060l];HO

IIJiaBaIO�IIX B8JIIIrepoB. I,fa HHI;eBhlX Mace COl];epIBaBIIIIIXCH B cocyl];aX C MOpCKOH
BO/];OH BbIJIYIIJI8HI1e HacTyrraJIO rrpl/16JIII3J/IT8JibHO qepea /];Be He/];eJII1 IIOCJie HHI;e1ma/];KII. HeKOTOphle BH/J:bl OTKJia/];bIBaIOT M8Hb IIIee qnCJIO HIII; (
MeTpOM OT

360

/];O

'±90 µ,

< 10000)

c /];1/la

KOTOpbie BbIJIYIIJIHIOTCH B CTa):\IIII BeJIHKOHXOB I'OTOBbIX

!{ 6eHTOCHOMY o6pasy IBHSHII.

8TH COOTHOIII8HIIH Melli/J:Y pasMepaMII mu,' I1X

qnCJIOM II CTa/];He11 pa3BIITIIH B o6�eM corJiaCHbI C TaROBbIMII OIIHCaHHbIMH Topco
HOM y MHOI'HX rrpel];ma6epHbIX 6pIOXOHOI'HX ll /l:pyr11x MOpCRI1X 6earr03BOHOqHbIX.
Bo BpeMH 3KCIIe/];III;I1I1 yl];aJIOCb rrpocJie/];HTb XO/]; 8M6p11onam,naro pa8BHTI1H OT
I1X OTJIOmennH IJ:0 BbIJiyrrJieHIUI y /J:BYX BHIJ:OB,

G. textile

n

C. leapardus. .flllr;a

Tpex /l:PYI'HX BU/];OB naxOl];HBIIIIIXCH ITO/]; na6JIIO/];eHHeM OT nx OTKJia/];KI1' B I1X
pa3BHT.l'!H ne /J:0CTnraJIH CTS/];1/1!1 BbIJIYIIJI8HHH, H0TOpoe TSH Il
CTa/];HOe

IIOBe/];eHHe

BO

BpeMH

HHI;eKJISl];HH

6bIJIO

ua6JIIO/];eHO

BHIJ:OB, y HOTOpbIX TSKIIH arrperar,HH q]/[CJIOM /];OXO/];HJIH /J:O

15

He HaCTyrraJIO.
y

HeCROJibHHX

oco6ei1.

